GROUND-WATER AVAILABILITY AND QUALITY
IN EASTERN BERNALILLO COUNTY
AND VICINITY, CENTRAL NEW MEXICO

by G.E. KUES

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 89-4127

Prepared in cooperation with the
BERNALILLO COUNTY COMMISSION

and the
NEW MEXICO STATE ENGINEER OFFICE

Albuquerque, New Mexico
1990



U.S. DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

U.S. GEOLOGICAL SURVEY

Dallas L. Peck, Director

For additional information
write to:

District Chief

U.S. Geological Survey

Water Resources Division

Pinetree Office Park

4501 Indian School Rd. NE, Suite 200
Albuquerque, New Mexico 87110

Copies of this report can
be purchased from:

U.S. Geological Survey

Books and Open-File Reports
Federal Center, Building 810
Box 25425

Denver, Colorado 80225



CONTENTS
Page

AbStraCt...-o.-....--..-.---..---o-.--..-----..-.o.-..-.--...-..-...-...- 1

N

Introduction.............-.............................---...............

Location of study Ared.cccecccceccessccccsonsccassscccsascscssnncsesssss
Purpose and SCOPEecsscscccccsccssscccscsccrscssasssessssossscsssncsccses
Previous studieSceecescececescecssssscscesscssscsscsssasccsssncanssne
MethodSeececosseaccccssosacccasseascacascacacscanssnscacsesnscascanscnes
AcknowledgmentSeeeeececsscesccscscsssssssscsssssessssssssssscssccssnsans
Local well-numbering Systemececcecscecsccesccsssosesssscssscccscnssesncs

[« )N, RO, P N S

Regional geohydrologic settingeccccececescessccscesscssscscccsscsssacsnnccs 7

Geohydrology of areas of detailed studyeececeecececcseececcsccsescscacsasses 13

Area 1--..co-co-co-co.oo.-oo-c.....-co.n.o-co.n.o-ool...co.-o..-c..c 13
Area 2..'.."....'..'.C.I..I......I................I......I..I...I.. 19
Area 3..'...'.....IC.I..II..I....C.I......IC.I......I..IC.I...I...IC 19

Ground-water availability.eeesceesceessscasscssssccssssssssossssssssssssass 28
Clastic rock represented by area l.eeeecesscescccacasccssceccacnnssss 28
Precambrian rock and Quaternary alluvium represented by area 2...... 28
Madera Group represented by area 3..cceccecececcsccssccacsssasssseee 30
Changes in water leve].S.-..-o......o.....-o.-......-......-...-..-oo 30

Ground_water quality.-o-co.tc.-c..c..-co.c..-co.co.cc.-co-co-coo-co.-c.-. 35

Indicators of direction of ground-water floWeeeceeseceesceessccasesese 35
Occurrence of nitrate and fluoride in ground wat€reeeeeeeesssesesess 38

Nitrate in ground water in Tijeras CanyonNeeeceecececccccscsccanacsss 45
Nitrate in ground water in Chilili.eeeeceeescecsascasscasancess 45
Fluoride.eceessesecesescescosssseecssscanscssasssscsnssnssssssseene 46
Changes in ground-water quality with time..sceeccceccsccccseees 46
Factors that may contribute to ground-water—quality degradation..... 50

Summary..-........--........-..-..-...-..-......-..-..-..-...-..--..-..-. 51

References Citedoo.o..Qo.o-.oo-QQI.o.ocooc..-oo.co.co.coo-c..co......o-o. 54

iii



Figure

10.

11,

12,

13,

14,

15,

16.

FIGURES

Map showing location and generalized geology of study

= o - e
Diagram showing method of numbering wellSeeececeececcccccsccens
Geologic section A~A'..eeeeecccsssscsseessssssrscccssssssnsccccs
Generalized stratigraphic column of outcropping unitSeeceececse

Stratigraphic column showing measured sections of
Pennsylvanian and Permian rockSeececesecsceccscsccssccsccsss

Map showing water—-level contours and direction of ground-
water flOW in the Study area, 1984—85.0o-o....o..o-..a..o-.

Map Showing geology Of area 1............................'...
Geohydrologic section B-B', area lececececescssssceccsssssccnsne

Hydrograph showing water levels in selected wells in

area 1...0..0........Ooo.o.....0.0.0..0..O..oo.....o...o...

Hydrograph showing water-level data for well 92,
10N.5E.2,233A, February 1980 through July 1985cccceccccccecs

Map showing fractures, well locations, and reported well
yields in area 1......Q.Q......Q.‘...................‘.....

Map ShOWing geology Of area 2-0oo..--00o-o-ooo-.o-oo.ooo.oooo
Hydrologic section C—C', 4read 2.ceceeccccccsscsccscsccccccssscns

Map showing fractures, well locations, and water—level
Contours in area 2.....................................'...

Map Showing geOlOgy Of area 3.Q....0.....Q..Q..Q..Q..Q......Q

Hydrologic section D-D', 4rea 3eeeescccccsssssccrsccsasssccrcs

iv

Page

10

12
14

15

17

17

18
20

21

22
23

24



FIGURES—Concluded
Page
Figures 17-19., Maps showing:
17. Water-level altitudes in area 3, 1975-84..0000000000s 25
18. Fractures in the northwestern part of area 3...:.... 26

19. Location of faults and reported well yields in

area 3............t.o...co..t.ott.ttioti.ttoo...'. 27

20. Graph showing annual precipitation at Sandia Crest
(1954-78), Sandia Park (1950-58, 1961-83), and
Albuquerque Airport (1950—84).'..'.."..".'..'...'.... 33

21. Graph showing annual precipitation at Sandia Park
(1970-83), and depth to water in well 239 (1974-85).... 34

22-30. Maps showing:
22. Specific conductance of ground water in area l...... 36
23. Specific conductance of ground water in area 2...... 37
24, Specific conductance of ground water in area 3...... 39
25. Values of pH of ground water in area l.eesesessseees 40
26. Values of pH of ground water in area 2...eoseesssssss 4l
27. Values of pH of ground water in area 3c.eecescsceses 42

28. Location of sampling sites and nitrate—-nitrogen
Concentrations in ground Wateresooossosssocssessse 43

29. Location of sampling sites and nitrate-nitrogen
concentrations in area 2.........‘..‘......‘..‘... 44

30. Location of sampling sites where fluoride
concentration exceeds 2.0 milligrams per liter.... 47



TABLES
Page

Table 1. Summary of reported yields from selected wells in the

Study A8 e ceecsocscsovsscsccccccsccccsccssosssscssscsosscsossssscsssscssossce 29

2. Water levels in selected wells reported by Titus (1980)
and measured during the current Study..eeseesccccccsscsscocccss 31

3. Concentrations of nitrite plus nitrate reported as nitrogen
in water from wells in the community of Chilili, 1984-85..... 46

4. Specific conductance and fluoride and nitrate
concentrations in water from wells sampled by Titus

(1980) and during the current StudYeeceeesssccccesssssveccecaecs 48

5. Well information and water—level dat@cecececccccsccscccccacssacs Db

CONVERSION FACTORS

In this report, measurements (except chemical concentrations) are given
in inch-pound units. The following table contains factors for converting to
metric (International System) units.

Multiply inch-pound units By To obtain metric units
inch 2.540 centimeter
foot 0.3048 meter
mile 1.609 kilometer
acre 4,047 square meter
square mile 2.590 square kilometer
gallon per minute 0.06309 liter per second

Water temperature in degrees Celsius (°C) can be converted to degrees
Fahrenheit (°F) by the following equation:

°F = 9/5 (°C) + 32
Chemical concentrations are reported in milligrams per liter. Specific
conductance is reported in microsiemens per centimeter at 25 degrees Celsius.
Sea level: In this report "sea 1level” refers to the National Geodetic
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a general
adjustment of the first-order level nets of both the United States and Canada,

formerly called "Sea Level Datum of 1929."

vi



GROUND-WATER AVAILABILITY AND QUALITY IN
EASTERN BERNALILLO COUNTY AND VICINITY,
CENTRAL NEW MEXICO

By G.E. Kues

ABSTRACT

The study area includes the eastern one—third of Bernalillo County and
parts of southeastern Sandoval County, southwestern Santa Fe County,
northwestern Torrance County, and northeastern Valencia County. Several
north-trending mountain ranges are in the study area. The mountains consist
of tilted fault blocks of Precambrian granitic and metamorphic rock. They
have a rugged west face and gentle eastward slope primarily mantled by
carbonate sedimentary rocks of the Pennsylvanian and Permian Madera Group.

The Madera Group crops out over three—fourths of the study area and forms
the most areally extensive water-yielding unit. Granitic material eroded by
drainage systems forms the eastern one-fifth of the study area. Roughly
centered in the area is a sequence of primarily clastic sedimentary rocks from
Permian to Cretaceous age. Thin soil zones (1 to 10 feet thick) cover most of
the area.

Ground-water availability depends on the lithology of the water-yielding
unit and proximity to faults. Previous researchers in other areas have
demonstrated a direct relation between faults and well yields in limestone
units. A relation between faults and well yields was confirmed in one part of
this study area.



Precipitation, the only source of recharge to the ground-water system, is
greatest at and near mountain crests, A direct correlation appears to exist
between changes in precipitation and ground-water levels in the Sandia Park
area. The time of response of ground-water 1levels to recharge from
precipitation is about 2% years.

Ground-water—level declines since the late 1950's have been almost
entirely restricted to wells completed in shale units that supply an average
of about 4 gallons per minute. In areas where clastic materials such as
sandstone and shale crop out, short-term changes in ground-water levels of as
much as 117 feet in 4 months have occurred, causing temporary water shortages;
recovery of ground-water levels occurred within 7 to 9 months. Such short-
term ground-water fluctuations probably are caused by earlier changes in
precipitation and resulting changes in recharge.

Although ground water in the study area generally is acceptable for human
consumption, maximum contaminant levels established by the U.S. Environmental
Protection Agency (primary drinking-water regulations) for nitrate (10
milligrams per liter) and fluoride (4.0 milligrams per liter) were exceeded in
a few samples obtained in the area. Samples from Tijeras Canyon had nitrate
concentrations as large as 30 milligrams per liter. Water from the new (1984)
community supply well in Chilili contained 16 milligrams per 1liter of
nitrate. Of wells resampled since the last major study in the area in the
early 1960's, a well near Sandia Park had the largest increase in nitrate
concentration, from 1.6 to 7.8 milligrams per liter. Fluoride concentrations
were greatest in ground water in the vicinity of Barton.

INTRODUCTION

The population of eastern Bernalillo County and vicinity is increasing
because of the area's desirable setting and its proximity to the largest
population center in New Mexico, the city of Albuquerque. Much of the area is
rural, forested, and scenic. Most development consists of single—-family
dwellings that have individual wells and septic systems. Proposed housing
developments have a density of as much as one dwelling per quarter acre, much
higher than has existed in most of the area. High—-density developments will
create proportionately large demands on water—supply and septic systems. All
future development probably will affect ground-water supplies as a result of
increased withdrawals and a probable increase in the number of point sources
of pollution, such as septic systems and sanitary landfills. Because of these
concerns, the U.S. Geological Survey, in cooperation with the Bernalillo
County Commission and New Mexico State Engineer Office, began a study of the
availability and quality of ground water in mountainous areas of eastern
Bernalillo County and vicinity.

Location of Study Area

The study area includes the eastern one-third of Bernalillo County and
parts of southeastern Sandoval County, southwestern Santa Fe County,
northwestern Torrance County, and northeastern Valencia County (fig. 1). The
area covers about 600 square miles.
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Purpose and Scope

The purpose of this study was to provide hydrologic information that
would help planners and water managers identify water-availability and water-
quality problems in order to make informed decisions regarding future
development in the area. Objectives of the study were to: (1) identify
geohydrologic conditions needed for the development of adequate supplies of
ground water for domestic and small community use; (2) identify areas where
concentrations of dissolved nitrate and fluoride exceed the U.S. Environmental
Protection Agency maximum contaminant level for drinking water; (3) identify
mechanisms of ground-water contamination; and (4) collect data to document
changes in ground-water levels and in quality of ground water that have taken
place since a study by Titus (1980) in the 1960's.

The purpose of this report is to provide a general description of the
availability and quality of ground water in eastern Bernalillo County and
vicinity, central New Mexico. Three small areas were selected for intense
study because an intensive study of the entire area was beyond the scope of
the investigation. The areas represent the three major types of geohydrologic
settings in the study area. Area 1 consists of fractured and faulted clastic
rocks, primarily sandstone, conglomerate, clay, and shale. Area 2 consists of
fractured and faulted igneous and metamorphic rocks covered by colluvium and
alluvium. Area 3 consists of fractured and faulted carbonate rocks. Water-
level, well-construction, well-yield, and water—quality data are presented for
each area. Geologic sections and fracture-trace maps also are provided. Data
for this project were collected in 1984 and 1985.

Previous Studies

Smith (1957) conducted a ground-water resource study of Torrance County
that includes the southeastern part of the present study area. Hudson (1978,
1980) monitored ground-water levels, spring discharge, and surface-water
discharge in part of Tijeras Canyon from 1972 to 1978 to document possible
effects of interstate-highway construction in Tijeras Canyon on local aquifer
conditions.

Titus (1980) studied an area that includes the present study area, the
Placitas area northwest of the present study area, and an additional area that
extends 6 miles south of the present study area. Water-level and water-
quality data for the Titus study were collected in the late 1950's and early
1960's. He described the ground-water-flow pattern for the central part of
the study area and the inconsistent areal availability of ground water,
particularly in carbonate rocks. He also documented chemical analyses of
ground-water samples from geologic units (grouped by geologic system) and
noted large concentrations of fluoride and nitrate in some samples. The
investigation by Titus was a major study conducted over several years and
remains the only major previous hydrologic investigation in the area. Work
done in the 1950's and 1960's mentioned in this report is a reference to
Titus' report.



Methods

Water—-level and water—quality data were obtained primarily from newer
producing wells that have construction information available. Records at the
New Mexico State Engineer District 1 Office in Albuquerque were used to select
wells for data and sample collection. Approximately three-fourths of the
selected wells were used for data and sample collection because their owners
could be contacted by telephone prior to going into the field. Water levels
in 12 wells measured by Titus (1980) were remeasured during this study.

Specific-conductance, temperature, and pH measurements were made where
untreated well water could be obtained at or near well sites. Samples for
laboratory analysis were collected from 33 wells. Sample collection was
relatively intensive in Tijeras Canyon where large concentrations of nitrate
were detected in the late 1950's and early 1960's.

Geologic unit descriptions were derived from reports by Armstrong (1967),
Myers (1969, 1973), Kelley and Northrop (1975), and Titus (1980). Stereo-pair
aerial photographs of the three areas of detailed study, in conjunction with
field observations, were used to prepare fracture-trace maps of part of each
area.

Within areas of detailed study, the apparent effect of faults and
fractures on the ground-water—-flow system was determined by comparing water
levels, specific conductance, pH, and reported production for each well to the
well's location relative to mapped faults and fractures. Observations made in
the detailed areas were then extended to other parts of the study area where
similar geologic materials and faults or fractures are present. A fault is a
break .in rock along which significant relative movement has occurred. A
fracture is a break in rock along which no discernible amount of relative
movement has occurred.

Acknowledgments

The generous help of personnel of the Albuquerque office of the New
Mexico State Engineer in locating well records is gratefully acknowledged.
Homeowners who allowed access to their wells are also acknowledged.



Local Well-Numbering System

The system of numbering wells in New Mexico is based on the common
subdivision of public lands into sections (fig. 2). The well number, in
addition to designating the well, locates its position to the nearest l0-acre
tract in the land network. The number is divided into four segments. The
first segment denotes the township north or south of the New Mexico base line,
the second denotes the range east or west of the New Mexico principal
meridian, and the third denotes the section. The fourth segment of the
number, which consists of three digits, denotes the 160-, 40-, and 10-acre
tracts, respectively, in which the well is situated. For this purpose, the
section is divided into four quarters, numbered 1, 2, 3, and 4, in the normal
reading order, for the northwest, northeast, southwest, and southeast
quarters, respectively. The first digit of the fourth segment gives the
quarter section, which is a tract of 160 acres. Similarly, the quarter
section is divided into four 40-acre tracts numbered in the same manner, and
the second digit denotes the 40-acre tract. Finally, the 40-acre tract is
divided into four 10-acre tracts, and the third digit denotes the l0-acre
tract. For example, well 10N.05E.02.233 is in the SW} of the SWi of the NEi
of section 2, Township 10 N., Range 5 E. Letters a, b, c, and so on are added
to the last segment of the well number to designate the second, third, fourth,
and succeeding wells in the same l0O-acre tract. This numbering system is used
in table 5 (table 5 is in the back of the report).

Well 10N.05E.02.233

Figure 2.--Method of numbering wells.



REGIONAL GEOHYDROLOGIC SETTING

The study area is part of a mountainous region situated between two
north-trending structural depressions, the Albuquerque-Belen Basin on the west
and the Estancia Basin on the east (fig. 1). This mountainous area primarily
consists of tilted fault blocks that form the Sandia and Manzano Mountains.

The Sandia and Manzano Mountains have a gently dipping eastward slope and
a steep rugged west face. They are composed predominantly of slightly to
moderately metamorphosed igneous Precambrian rock. A generalized geologic
section through the Sandia Mountains is shown in figure 3. The eastern slope
is mantled primarily by carbonate sedimentary rocks of the Pennsylvanian and
Permian Madera Group; sedimentary rocks of Permian through Cretaceous age crop
out in the north-central part of the area (fig. 1).

The geology of the area is complex and was described in detail by Smith
(1957), Myers (1969, 1973, 1982), Kelley and Northrop (1975), and Titus
(1980). The description of the geology of the area presented below is
summarized from these sources. The wide variety of rock types present in the
area is shown in a stratigraphic column in figure 4. Descriptions of measured
sections in Armstrong (1967, p. 50), and in Kelley and Northrop (1975, p. 33
(Szabo section), p. 50-58, 125-127, and 129) were used to construct the
column.

The Pennsylvanian and Permian Madera Group 1is composed mainly of
carbonate and shale but greatly varies in composition (fig. 5). These rocks
crop out in approximately three-fourths of the area (fig. 1). Metamorphic and
igneous rocks, eroded in places by alluvium-filled stream channels, crop out
in the western one-fifth of the area and also form Monte Largo in the
northeastern part of the study area (fig. 1). An outcrop of carbonate and
clastic rocks of Mississippian age is in Tijeras Canyon (fig. 1). Shale,
sandstone, and minor carbonate units of Permian through Cretaceous age crop
out in and around the Tijeras structural basin. In the northeast, South
Mountain and dikes and sills in the San Pedro area are igneous rock.

The Tijeras basin is in the north-central part of the area (fig. 1); it
is a triangular block that has rotated downward on its southwest side relative
to its surroundings. Movement was apparently hinged on the northeast side of
the block. The youngest consolidated sedimentary rocks in the study area, the
Cretaceous Mesaverde Group and the wunderlying Cretaceous Mancos Shale
(fig. 3), crop out in the basin. Bordering the northwest side of the basin
are Cretaceous, Jurassic, and Triassic sedimentary rocks. Bordering the
southeast side of the basin are Permian and Pennsylvanian sedimentary rocks.
The northwest side of the basin is bounded by Tijeras fault, and the southeast
side is bounded by Gutierrez fault (fig. l1). Monte Largo is on the northeast
side of Tijeras basin. Monte Largo is composed of metamorpbic Precambrian
rock and, like Tijeras basin, is between Tijeras and Gutierrez faults. The
age of outcropping units decreases in the direction of Tijeras basin.
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Immediately east of Monte Largo is South Mountain, a pluton of quartz

monzonite emplaced during the Tertiary (fig. 4). During emplacement,
stringers of quartz monzonite were injected between layers of adjacent
sedimentary rock. Apparently, some 1landslide deposits occur on the

southwestern flank of South Mountain. In the Edgewood embayment southeast of
South Mountain (fig. 1), poorly developed karstic terrain is present.

The youngest materials in the study area are alluvial deposits of sand,
silt, and gravel that have been washed into streambeds, and sand and silt that
have been carried by wind and deposited on the land surface. Stream deposits
in the southern part of the area commonly have formed where rocks at land
surface have been faulted and are easily eroded (Titus, 1980, fig. 4).
Valley—-fill deposits are present in the Edgewood embayment, Estancia Basin,
and Albuquerque-Belen Basin.

Recharge in the study area is entirely from precipitation. In the Sandia
and Manzano Mountains area, ground water flows westward and eastward away from
the crest lines (fig. l). Water flowing westward probably enters fractures,
eventually discharging at springs and to streams along the west face. Some or
most of this water becomes recharge for the Albuquerque-Belen Basin. Water
flowing eastward moves through relatively thin (usually 1 to 10 feet thick)
soil zones and primarily into clastic and fractured carbonate units of the
Pennsylvanian and Permian Madera Group that blanket the uppermost eastern
mountain slopes.

In the southern one-half of the area, ground water typically flowed to
the northwest, northeast, and east in 1984-85 (fig. 6). Seasonal ground-
water—level changes are typically less than 100 feet on the basis of available
data. Ground water moving to the northwest discharges to Tijeras Arroyo,
whereas ground water moving to the northeast and east discharges to the
Estancia Basin.

As ground water moves downslope through the Madera Group in the northern
one—half of the area, it typically enters a sequence of eastward-dipping
clastic and minor carbonate units ranging from the Permian Abo Formation to
the Triassic Chinle Formation (fig. 4). Ground water then moves either
southward toward Tijeras Arroyo or northward out of the area (fig. 6). From
the South Mountain area, ground water moves either southward into the Estancia
Basin or westward and northward out of the area. Titus (1980, fig. 16) showed
the detailed flow pattern for the central part of the area.
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GEOHYDROLOGY OF AREAS OF DETAILED STUDY

The entire study area could not be studied in detail because of the
(1) large number of outcropping geologic wunits; (2) complex geological
structure; (3) changes in water levels and direction of ground-water flow; and
(4) substantial, localized changes in ground-water quality in the study
area. Instead, the study area was divided into three regions on the basis of
generalized types of outcropping units. The three regions have the following
types of outcrcpping units: (1) clastic materials such as sandstone and
shale; (2) Precambrian granitic and metamorphic rock eroded by alluvium-filled
stream valleys; and (3) the predominantly carbonate sedimentary rocks of the
Pennsylvanian and Permian Madera Group. A small area within each region was
studied in detail. The geologic structure and stratigraphy of each area are
similar to the geologic structure and stratigraphy throughout the region they
represent.

Area 1

Area 1, chosen to represent the region where consolidated, clastic
materials generally outcrop or subcrop, is approximately 2.3 square miles in
area and is 3 miles north of Interstate 40 along New Mexico Highway 14
(figs. 1 and 7). A trailer park and at least 27 single—-family dwellings with
individual wells and septic systems are in the area. Most large—capacity
wells in the area are on the western side of area 1. Water from these wells
is piped to a subdivision that is in and adjacent to the southeastern part of
the area.

Area 1 is on the eastward dip slope of the Sandia Mountains and contains
outcrops and subcrops of a sequence of clastic and carbonate sedimentary
rocks, ranging from the Permian San Ysidro Member of the Yeso Formation to the
Cretaceous Mesaverde Group (figs. 7 and 8). Tijeras fault brings the Mancos
Shale and Mesaverde Group into fault contact with Triassic, Jurassic, end
Cretaceous units within area 1 (fig. 7). Ground-water flow generally is
toward the east and southeast (fig. 6). Water levels in wells in area 1
typically are less than 100 feet below land surface (fig. 8).

Water levels were measured in selected wells in the southern part of
area 1 by New Mexico State Engineer Office personnel in January and February
of 1980 and 1981. The same wells were remeasured in 1984 as part of the
current study. Water levels in most of these wells were similar or had risen
by 1984, but water levels in wells 87 and 90 declined more than 30 feet
(fig. 9).
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During 1984, water levels were measured in March, April, and October in
selected wells (fig. 8). The largest water—level change occurred in well
92. Water levels in that well were monitored by the U.S. Geological Survey
and the well owner from April 1984 to July 1985 to document seasonal
variations (fig. 10). Water levels in the well declined approximately 117
feet from April to October 1984. During October 1984, the well owner could
not use the well, and a number of well owners in the vicinity reported that
their wells were dry. By July 1985, water levels had almost recovered to
April 1984 levels.

Yields appear to be greater for wells drilled near a fault on the western
side of area 1 (fig. 8). This fault is inferred from drillers' logs and is an
extension of a previously mapped fault, but was not confirmed at 1land
surface. Yields of three wells in the vicinity of the fault range from 40 to
150 gallons per minute (wells 75, 86, and 78, fig. 8). These large—capacity
wells are water—supply sources for a subdivision and for a trailer park. Well
87 (fig. 8), completed in rocks similar to those in which the three large-
capacity wells are completed but approximately 1,000 feet downdip from the
fault, reportedly yields only 6 to 7 gallons per minute.

Well yields cannot be compared statistically for several reasons. Some
wells were constructed to provide water for water systems, whereas the
majority of the wells were constructed to provide sufficient water only for
domestic use. Drillers' logs generally are not detailed enough to precisely
determine in which geologic unit a well was completed. Also, wells are
completed in a wide variety of rock types so few wells are completed in any
one of several water-yielding units. In area 1, each water-yielding unit has
unique geohydrologic characteristics, making it difficult to generalize yields
on the basis of rock type. Detailed fault maps of the area do not exist.

Fractures in the southwestern part of area 1 were mapped using aerial
photographs to determine if there is a relation between well yields and
fractures (fig. 11). In general, fractures do not appear to substantially
enhance water ylelds in area 1.
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Area 2

Area 2 was chosen to represent the region characterized by outcrops of
Precambrian granite and metamorphic rock eroded by alluvium-filled stream
valleys. Within the area, the Precambrian Sandia Granite (Kelley and
Northrop, 1975), Precambrian metamorphic rocks, and various slope and
streambed deposits crop out (fig. 12). Area 2 is an area of 5.4 square miles
in Tijeras Canyon, 3 miles west and 1 mile south of the village of Tijeras
(fig. 1).

All producing wells in area 2 are domestic wells that each provide water
for one to five households. Area 2 includes the Monticello subdivision
(fig. 12). Wells in area 2 typically are drilled to depths of 220 feet or
less (fig. 13). Water levels generally conform to the land-surface slope
except for a distance of about 1,000 feet north of U.S. Highway 66, where the
hydraulic gradient, or slope, flattens. Fracture traces and water levels in
area 2 are shown in figure 14. No relation between fracture traces and water
levels or yields was found. Ground water appears to flow into the area from
the northeast, east, and southeast and discharges to Tijeras Arroyo, which
flows west.

Sufficient historical water-level data do not exist in areas 2 and 3 to
determine changes in water levels over time. Detailed, historical water-level
data are available only for area 1.

Area 3

Area 3, chosen to represent the region where the Pennsylvanian and
Permian Madera Group generally crops out or subcrops, is 11.9 square miles in
area and is 7 miles south and 3 miles east of the village of Tijeras along New
Mexico Highway 337 (figs. 1 and 15). Area 3 includes the Tranquillo Pine and
Ponderosa Pine subdivisions and is situated at the north end of the crest line
of the Manzano Mountains. The Tranquillo Pine Water Users Cooperative gets
its water from four production wells. Most residents in the Ponderosa Pine
subdivision have domestic wells.

Water levels ranged from 23 to 375 feet below land surface in area 3 in
1984 (fig. 16). Water levels and producing zones in wells near a mapped fault
were higher than in the rest of the area, indicating a vertical gradient.
Water is produced from a variety of rock types including fractured limestone,
sandstone, and thin shale layers. The vast majority of producing zones are in
fractured limestone. These zones usually are about 1 foot thick.

Water levels in area 3 (fig. 17) are higher than in any surrounding area
(fig. 6). Water-level data shown in figure 17 cannot be contoured because of
the large vertical differences of water levels in wells completed to different
depths. Area 3, especially the northern part of the area, is a recharge zone
for the southern one-half of the entire study area.
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Because of 1limited availability of aerial photographic coverage, only
fractures in the northwestern part of area 3 were mapped (fig. 18). Because
similar rock types crop out throughout area 3 and because the entire area
probably has been subjected to similar geologic stresses, it is probable that
the density of fractures in the northwestern part of area 3 is indicative of
fracturing throughout the area. These fractures appear to be poorly
interconnected, as evidenced by the large variation in water levels (fig. 17)
and well yields (fig. 19). Although studies in other areas have demonstrated
a direct relation between faults and well yields in limestone (Lattman and

Parizek,

relation.

1964, p. 78), sufficient data do not exist in area 3 to show such a
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Figure 13.--Hydrologic section C-C', area 2 (line of section shown in fig. 12).
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GROUND-WATER AVAILABILITY

Water~yielding units in the study area are composed of a variety of rock
types that have undergone moderate to intensive faulting, creating large local
variations in well yield. Reported well yields from the late 1950's and early
1960's ranged from zero (dry hole) (Titus, 1980, p. 33-35) to 1,470 gallons
per minute (Titus, 1980, p. 13).

Declines in water levels between 1950 and 1985 have occurred in localized
areas. Wells in these areas typically are completed in shale that produces
relatively small quantities of water.

Seasonal ground-water fluctuations have created periods of ground-water
shortage. During the summer and early fall of 1984, well owners reported that
several wells in the Cedar Crest area (fig. 1) went dry. Seven to 9 months
after maximum water-level declines, wells in the area were again producing.

Information on well yields from selected wells obtained from drillers or
well owners is summarized in table 1 and discussed below. Wells were selected
if information was available on well completion and if they were primarily (or
only) open to water-yielding units of one 1lithology within a geologic
formation. Because Titus (1980) reported only the geologic unit that wells
were completed in and not the type of rock, only well information obtained
during the present study is included in table 1.

Clastic Rock Represented by Area 1

The most used water-yielding units in the study area are the Chinle
Formation and the Santa Rosa Sandstone of Triassic age (fig. 4) such as are
found in area 1 (fig. 7). The average yield of 14 wells completed in these
units was about 15 gallons per minute. Triassic rocks, such as the Santa Rosa
Sandstone, have been extensively developed for domestic water supplies, partly
because they subcrop along established roadways, and because of relatively
consistent yields. Porosity in these rocks is intergranular (between grains)
as well as secondary (faults and fractures).

Large yields have been reported for wells completed in other units in the
region represented by area 1. Yields as large as 150 gallons per minute have
been reported for wells completed in the Permian San Ysidro Member of the Yeso
Formation (well 78, fig. 8). Yields of 100 gallons per minute have been
reported for a well completed in the Permian Abo Formation (Kim Fraser, New
Mexico State Engineer Office, Albuquerque, oral commun., 1985).

Precambrian Rock and Quaternary Alluvium Represented by Area 2

A large variety of Precambrian granitic and metamorphic rocks, such as in
area 2, crop out in the study area. Ground water occurs in fractures and
faults in Precambrian rock. The average yield of 13 wells completed in
fractured Precambrian rocks was 15 gallons per minute.
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Table 1.——Summary of reported yields from selected wells in the study area

Geologic Lithology of Yield (gallons
unit or water—-yielding Number of per minute)
area unit wells Range Average
Clastic rock
Mesaverde Shale and 3 0.5 - 10 5
Group sandstone
Mancos Shale Shale 4 0.5- 6 4
Morrison Sandstone, clay, 3 4 - 80 40
Formation and limestone
Chinle Shale 5 10 - 23 15
Formation
Santa Rosa Sandstone 9 2 - 25 15
Sandstone
San Andres Limestone 2 3 - 40 21
Formation
Abo Formation Sandstone 3 15 - 20 18
Igneous and metamorphic rock and alluvium
Alluvium Sand, silt, and gravel 7 3 - 18 9
Precambrian Fractured, igneous, 13 2 - 37.5 15
and metamorphic rock
Carbonate rock
Madera Group:
Barton trough Shale 4 0.5 - 10 5
area Sand and gravel 1 - 0.5
Unknown 5 1.5~ 7 4
Edgewood Fractured limestone 8 8 - 250 72
embayment Sandstone and clay 2 15 =~ 75 64
Unknown 5 6 - 50 24
All other Fractured limestone 26 1 - 49 9
areas Sandstone 6 1 - 12 6
Unknown 18 1.5 - 37 12
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Quaternary alluvial material 1is present primarily along and within
Tijeras Arroyo. The average yield of seven wells completed in alluvium was 9
gallons per minute.

Madera Group Represented by Area 3

Gray limestone units, such as are present in area 3, comprise the largest
water-yielding units where the Madera Group is present. Ground water is
stored in faults and solution channels. Fractures do not appear to store
large amounts of ground water. Yields of wells completed in fractured
limestone units are highly variable but average about 9 gallons per minute.
Six wells drilled in the Madera Group and completed in sandstone units had an
average yield of about 6 gallons per minute. Yields of wells completed in
units of the Madera Group range from 1 to 20 gallons per minute, but numerous
dry holes have been described (Titus, 1980, p. 33-34).

In contrast to reported yields for wells in the majority of the area
where the Madera Group is present, very large yields have been reported for
wells completed in the Madera Group in the southeastern part of the study
area. Titus (1980, p. 13) stated that a well "has reportedly been test pumped
at 1,470 gallons per minute, and two other wells yield 450 and 120 gallons per
minute.”

In the southern one-half of the study area, where water availability is
highly variable, it is not uncommon for dry wells to be drilled adjacent to
and deeper than wells that produce 5 to 20 gallons per minute. Well yield is
dependent on the penetration of fractures that transmit or store water.

Wells in the vicinity of Barton (fig. 1) are producing water from black
shale that forms the upper part of the Madera Group (figs. 4 and 5). In this
area, yields of 10 wells completed in all types of rocks average about
4 gallons per minute and range from 0.5 to 10 gallons per minute.

In the Edgewood embayment (fig. 1), the average yield of 15 wells drilled
in the Madera Group ranged from 24 to 72 gallons per minute, substantially
greater than the average of 6 to 12 gallons per minute for wells drilled in
the Madera Group in most other areas. Well yields are especially large in the
northwestern part of the embayment, averaging approximately 72 gallons per
minute. Fractured limestone is the principal water-yielding unit in this
area.

Changes in Water Levels

Water levels in several wells measured during the late 1950's and early
1960's were measured again for this study (table 2). Water levels in these
wells have not changed substantially except in the vicinity of Barton, the
Tijeras basin, and the vicinity of Edgewood.
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Table 2.—Water levels in selected wells reported by Titus (1980) and
measured during the current study

[--, not available]

Water level

Depth to
water
Well (feet
Well Well depth below land Change
number owner(s) (feet) Date surface) (feet)
1 Dan F. Brinkley 100 - -63 8oR! -—
100 02-15-84 73.8 246.2
20 Earnest A. Dow 86 09-27-63 36.8 -
81 06-07-85 21.6 +15.2
70 C.H. Carder 500 10-21-60 70.9 -
Ron Morris 375+ 12-07-84 72.5 -1.6
104 D.M. Bush 140 06-05-62 96.4 -
James J. Carnes 142 09-25-84 129.7 -33.3
111 Charles Hobby 118 - =62 12R -
118 04-06-84 30.0 -18
114 Fred S. Leib 146 06-13-62 49.8 -
146 10-19-84 46.5 +3.3
164 T.0. Harrell 485 - 410R -
485 04-27-85 439R -29
171 K.D. Stout 329 03-15-50 142.4 -
D.M. Bush 329 09-24-84 296.1 -153.7
181 Elmer Bassett 203 04-27-50 148.4 -
203 05-09-85 151.3 -2.9
201 Donald Huston 200 03-05-64 151.3 -
200 05-07-85 Dry part -48.7
of year
238 W.A. Arias 136 07-06-62 83.0 -
Mike Arias 136 12-12-84 77.3 +5.7
267 Fernando Nieto 160 07-02-62 108 -
160 08-21-84 108.7 -0.7

lup* indicates a reported depth to water.

A positive value indicates a water—-level rise.
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Large water-level declines were measured in wells that may be completed
in fine-grained material such as shale. The ground-water level declined
153.7 feet between 1950 and 1984 in well 171 (table 2), which is in the
vicinity of the Barton trough. Possibly this well is completed in a fine-
grained rock such as shale. Titus (1980, p. 52) reported that water from the
well had a "potability problem” that is typical for water from shale. Wells
in the vicinity are completed in black shale. Water from well 164, in the
Barton trough, also had a potability problem (Titus, 1980, p. 51), and the
water level in this well had a reported decline of 29 feet from the early
1960's (Titus gave no date for the reported water level in this well) to 1985
(table 2). The water level in well 104, completed in the Mancos Shale in the
Tijeras basin, had 33.3 feet of decline between 1962 and 1984.

Water levels in the remainder of the remeasured wells have remained about
the same or have risen. An increase in water level of 15.2 feet occurred
between 1963 and 1985 in well 20. This well is no longer in use, but in 1963
the measured water level may have been obtained after the well was pumped.

Precipitation in the study area increases with altitude. Annual
precipitation since 1950 for Sandia Crest, Sandia Park (fig. 1), and the
Albuquerque Airport are shown in figure 20. Annual rainfall at the

Albuquerque Airport (about 7 miles west of the study area) is included as a
comparison of rainfall at lower altitudes away from the mountain areas of
Sandia Crest and Sandia Park. The mean annual precipitation at Sandia Crest
(altitude 10,675 feet) from 1954 to 1978 was about 23 inches. The 1950 to
1983 mean annual precipitation at Sandia Park (altitude 7,130 feet) was about
18 inches. The 1950 to 1984 mean annual precipitation at the Albuquerque
Airport (altitude 5,311 feet) was about 8 inches. Precipitation-data
collection was terminated at Sandia Crest in 1979. Data collection at Sandia
Park is continuing but has been interrupted for several months at a time since
1984,

Water—level fluctuations in the Sandia Park area (fig. 1) appear to be
dependent on fluctuations in the amount of precipitation that has fallen in
the area. A comparison between annual precipitation at Sandia Park and
instantaneous depth to water in a well at the Bernalillo County Fire Station
No. 6 (well 239) is shown in figure 21. The well is 1.2 miles east and 0.4
mile south of Sandia Park. Increases in precipitation seem to have been
followed by rises in ground-water levels. The lag time between the two
appears to be roughly 24 years. Other factors, such as pumpage from wells
near the observation well, could have influenced the water levels. The
apparent correlation at this site cannot be extended to other areas without
further study.

The apparent correlation between increases in precipitation and rises in
ground-water levels indicates that variability in precipitation may have an
effect on long-range ground-water availability. As ground-water withdrawals
continue or increase, the effect of potential future declines in precipitation
(and recharge) and associated declines in water levels could become
increasingly significant. Wells that were producing could go dry and would
have to be deepened or abandoned. If precipitation-data collection were
resumed at Sandia Crest, and if an increased number of weather stations were
established throughout the area, the precipitation distribution and probable
distribution of recharge for the area could be better determined.
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0

Sandia Park

and Albuguerque Airport (1950-84),

1961-83),

Figure 20.--Annual precipitation at Sandia Crest (1954-78),
(1950'58;
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GROUND-WATER QUALITY

Onsite analyses of specific conductance and pH were made at most wells
where water levels were measured. Water samples were collected from wells
throughout the area to determine concentrations of nitrate or fluoride.
Concentrations of nitrate and fluoride were compared to Environmental
Protection Agency maximum and secondary maximum contaminant levels
(U.S. Environmental Protection Agency, 1986a and b). Changes in nitrate and
fluoride concentrations since the late 1950's and early 1960's also were
determined.

Indicators of Direction of Ground-Water Flow

Specific conductance (a measure of the water's ability to conduct an
electrical charge) and pH (a measure of hydrogen ion activity) were measured
in water from selected wells and were used to confirm ground-water—-flow
directions determined from water—level maps.

In area 1, specific conductance, which has a direct relation to the
amount of dissolved solids (Hem, 1985, p. 67), ranges from 450 microsiemens
per centimeter at 25 degrees Celsius on the area's west side to 1,020
microsiemens per centimeter near Tijeras fault on the east side (fig. 22),.
Hem (1985, p. 69) related that researchers have "reported conductivities of
melted snow in the Western United States ranging from about 2 to 42
[microsiemens per centimeter].” Because precipitation is the source of
recharge in the study area, small values of specific conductance generally
indicate ground water that is near a recharge zone. Specific conductance
increases downslope to the east and southeast in the direction of ground-water
flow determined from ground-water-level measurements. Specific conductance
increases in the direction of ground-water flow because as ground water slowly
moves through the ground, progressively larger amounts of minerals and salts
dissolve in the water. Increasing amounts of dissolved minerals and salts in
the ground water increases the water's specific conductance.

West of Tijeras fault, specific conductance does not appear to be related
to any specific water-yielding unit, indicating a high degree of hydraulic
connection between units. Sufficient data are not available east of Tijeras
fault to determine trends in specific conductance.

Within area 2, specific conductance generally increases with increasing
proximity to Tijeras Arroyo (fig. 23). Near the arroyo, specific conductance
also increases westward in the downstream direction of flow. In the
Monticello subdivision, specific conductance generally increases southwestward
from 550 to 980 microsiemens per centimeter (fig. 23), although the ground-
water—flow direction determined from water-level measurements is generally
southward. Specific~conductance values indicate ground water is moving into
Monticello subdivision from the northeast as well as from the north. Within
the Tijeras Arroyo flood plain, specific conductance ranges from 885 to
1,840 microsiemens per centimeter. No relation between specific conductance
and sampling depth could be determined within area 2.
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Specific conductance in area 3 ranges from 530 to 1,180 microsiemens per
centimeter (fig. 24). No relation between areal distribution or sampling
depth and specific conductance is evident in area 3. Values of specific
conductance could not be used to confirm ground-water-flow directions.

In area 1, pH increases in the direction of ground-water flow determined
from water-level measurements and ranges from 7.0 on the west side to 9.2 near
Tijeras fault (fig. 25). Hem (1985, p. 63-64) stated that "Most ground waters
found in the United States have pH values ranging from around 6.0 to about
8.5, * * * Water having a pH much greater than 9.0 is unusual but by no means
unknown. " The wunusually large value cannot be explained with available
information.

Values for pH for water samples from wells in area 2 north of Tijeras
Arroyo range from 7.2 to 7.9 (fig. 26). A group of samples having relatively
small pH values, from 7.3 to 7.4, on the north side of area 2 coincided with
one area of ground-water inflow (fig. 14). No other relation between pH
values and ground-water—-flow directions was evident.

Three wells (143, 145, and 146) on the south side of the arroyo had pH
values from 6.4 to 6.8. The reason for these small pH values is unknown.

Values of pH for water from wells sampled in area 3 range from 6.9 to 7.7

(fig. 27). No correlation between areal distribution, sampling depth, or
ground-water—~flow directions and pH is evident in area 3.

Occurrence of Nitrate and Fluoride in Ground Water

Water samples from 26 wells were collected and analyzed for nitrates.
The maximum contaminant level of nitrate for drinking water, 10 milligrams per
liter reported as nitrogen (U.S. Environmental Protection Agency, 1986a), was
exceeded in the community of Chilili (fig. 28) and in the Tijeras Canyon area
(fig. 29).

Titus (1980) reported nitrate concentrations in milligrams per liter as
nitrate. The laboratory analyses for this study are for nitrite plus nitrate
and are reported in milligrams per liter as nitrogen. Because nitrite
concentrations usually are very small, the nitrite plus nitrate concentrations
usually are almost all nitrate. In this study all nitrite concentrations were
less than 0.1 milligram per liter.

Care must be taken when comparing nitrate concentrations reported by
Titus (1980) to concentrations reported in this study or when comparing Titus'
concentrations to Federal standards; the 10-milligram-per-liter nitrate-
nitrogen limit 1is equivalent to 45 milligrams per 1liter as nitrate.
Concentrations reported as nitrate can be converted to nitrogen if multiplied
by 0.2259,.
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Nitrate concentrations reported by Titus in milligrams per liter as
nitrate were converted to concentrations as nitrogen for the purpose of
comparison with nitrate values analyzed in ground water for this study.
Titus' values for nitrate have been converted both in the text and in
figure 29. The only nitrate concentrations Titus measured that exceeded the
current maximum contaminant 1level allowable were for samples from Tijeras
Canyon (fig. 29).

Nitrate in Ground Water in Tijeras Canyon

Nitrate concentrations in ground water in Tijeras Canyon outside area 2
(fig. 28) do not exceed Federal standards. Nitrate concentrations in area 2
measured during the current study are greatest on the north side of Tijeras
Arroyo, in the southern part of Monticello subdivision, and immediately
southwest of Monticello subdivision (fig. 29). The largest concentration of
nitrate, 30 milligrams per liter as nitrogen, occurred in water from well 65
(fig. 29), which is reportedly 200 feet deep. Water from nearby well 64,
which is 60 feet deep, had a nitrate-nitrogen concentration of 14 milligrams
per liter. This raises the possibility that large concentrations of nitrate
may be found at depths as great as 200 feet in the vicinity of Tijeras Arroyo.

Well 141 is 50 feet deep and well 143 is 60 feet deep (table 5); both
wells are perforated in the bottom 10 feet. Water from well 141 on the north
side of Tijeras Arroyo had a nitrate-nitrogen concentration of 21 milligrams
per liter, whereas water from well 143 on the south side of Tijeras Arroyo had
a nitrate-nitrogen concentration of 0.4 milligram per 1liter (fig. 29).
Concentrations of nitrate of less than 10 milligrams per liter were detected
in water samples from all wells near the arroyo on its south side. These data
are not consistent with Titus' (1980) report of a nitrate-nitrogen
concentration of 13.3 milligrams per liter in water from a well south of the
arroyo (fig. 29). The largest nitrate-nitrogen concentration reported by
Titus (1980) of 24.4 milligrams per liter occurred on the west side of area 2
near where the largest concentration for nitrate-nitrogen (30 milligrams per
liter) was determined in the current study (fig. 29).

Nitrate in Ground Water in Chilili

Samples were collected from two wells (wells 21 and 19) in Chilili
(table 3). Well 21 is connected to the community water system and has been a
water—-supply well for the community for many years. The new Chilili community
well (well 19) was completed on October 8, 1984, and is approximately 150 feet
west of well 21. The concentration of nitrite plus nitrate as nitrogen in
water sampled from well 21 increased from 0.10 to 4.6 milligrams per liter
from August 1984 to May 1985. 1In June 1985 the concentration of nitrite plus
nitrate in well 19 was greater than 10 milligrams per liter, the maximum
contaminant level for nitrate. In view of the rapid increase in the nitrate
concentration in water sampled from well 21, and the large concentration in
well 19, frequent monitoring of nitrate concentrations in this and other areas
would help detect water—quality degradation if it should occur.
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Table 3.—Concentrations of nitrite plus nitrate reported as nitrogen in
water from wells in the community of Chilili, 1984-85

Concentration of nitrite
(NO,) + nitrate (NO3)

Well Well Date of as nitrogen (N), in
number owner sample milligrams per liter
21 Earnest A. Dow 08-09-84 0.10
05-31-85 4,6
19 Community 06-07-85 16
of Chilili
Fluoride

The maximum allowable concentration for fluoride is 4.0 milligrams per
liter (U.S. Environmental Protection Agency, 1986a, p. 525). According to the
U.S. Environmental Protection Agency (1986b), however, “"Some children exposed
to levels of fluoride greater than about 2.0 milligrams per liter may develop
dental fluorosis. Dental fluorosis, in its moderate and severe forms, is a
brown staining and/or pitting of the permanent teeth.” Samples at five sites
had fluoride concentrations greater than 2.0 milligrams per liter during the
current study (fig. 30). Occurrences of fluoride in concentrations greater
than 2,0 milligrams per liter as reported by Titus (1980) also are shown in
figure 30. Water in only three wells contained fluoride concentrations equal
to or greater than the recommended primary drinking-water maximum contaminant
level of 4.0 milligrams per liter.

Changes in Ground-Water Quality with Time

Values of specific conductance and nitrate and fluoride concentratioms,
reported by Titus (1980) for samples collected in 1960 and 1962 from wells
that were resampled during the current study, are shown in table 4. Two wells
(46 and 64) that were sampled by Titus could not be resampled, so similarly
completed, nearby wells were sampled instead.

Specific conductance has remained about the same or has increased in most
resampled wells. In well 238, specific conductance approximately doubled from
1962 to 1984, and the nitrate—nitrogen concentration increased from 1.6 to 7.8
milligrams per liter. Fluoride concentrations have remained about the same in
samples from most wells, but the large concentrations of fluoride reported in
water from wells 164 and 171 in 1962 decreased by about 50 percent or more by
1984 or 1985.
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Factors that May Contribute to Ground-Water—Quality Degradation

The majority of the study area is composed of limestone that stores
ground water in fractures, faults, and solution channels. In such material,
where a ground-water gradient exists, ground water is not retained in any
given area for long periods. Water flows into, through, and out of an area
fairly rapidly. Clastic rocks, such as sandstone and shale, are not areally
extensive; where they occur, they also are broken by numerous faults. This
faulting increases the tendency for ground water to move into and out of areas
of clastic vrock more rapidly than it would otherwise. Rapid ground-water
movement shortens the time of response of the ground-water system to changes
in recharge, pumpage, and water quality. Fault systems in the study area have
not been mapped in detail, and it is likely that more faults are present in
the study area than have been mapped. The degree of interconnection between
fault systems is unknown.

The presence of large numbers of faults affects ground-water flow. Flow
is more rapid in faults than within unbroken material. Flow in fractured
material is not uniform. Ground water generally flows faster along faults
than across faults., Vertical ground-water flow is much greater in faulted
rock than in unfaulted rock. Consequently, contamination introduced into an
area broken by faults will be introduced to the ground-water system much
faster and possibly will infiltrate to much greater depths than in an area not
broken by faults. Transport of contaminants mixed with ground water also will
be relatively fast.

The short distance between recharge and discharge areas such as Tijeras
Arroyo, combined with enhanced permeability due to faults, fractures, and
solution channels, allows contaminants to move into and throughout the ground-
water system relatively rapidly.

A downward component of ground-water flow apparently exists in many parts
of the study area (Titus, 1980, p. 26). Wastes introduced at or near land
surface in areas having a downward hydraulic gradient tend to be carried
downward into the ground-water system along with natural recharge.
Contaminated ground water moves toward discharge areas, such as Tijeras
Canyon, and can degrade ground-water quality in those areas.

Within a given area and particular water-yielding wunit, water
avallability appears to correlate to fault locations more than any other
factor. Prospective 1landowners research water availability prior to
purchasing property; as a result, individual home sites, each having a
domestic well and septic system, probably tend to be located along faults or
fault zones where water availability is large. Although ground-water
availability is enhanced in areas where fault zones exist, so are the chances
of ground-water contamination because septic systems may also tend to be
located over fault systems to take advantage of rapid draining.

Most common forms of ground-water contamination result from human
activity that occurs at or near land surface. Many contaminants are filtered
out of ground water by contact with soil grains (Fair and others, 1968, p. 27~
1). Over most of the study area, soil zones are reportedly from 1 to 10 feet
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thick. The absence of thick soil zones indicates that contaminants may not be
filtered out of wastewater applied at or near land surface and instead may
contaminate the ground-water system.

No records are available to define the type of waste material that has
been disposed of in the past because sanitary landfills were unregulated.
Dumping of waste materials in streambeds continues to occur. Because many
arroyos form along faults, vertical movement of ground water through arroyo
bottoms is probably rapid. Any contaminants dumped into streambeds probably
are washed downward into the ground-water system. Runoff from agricultural
lands, where high-nitrate fertilizer or other potential contaminants are used,
and rainwater or snowmelt mixed with liquid and solid livestock waste may be
channeled into streams with the same result.

At times, sources of contamination are in places where their potential
detrimental impact is maximized. Septic-system leach fields are sometimes
located over faults so they will drain faster. Titus (1980, p. 45) reported
that an abandoned well (well 08N,07E.22.143) was being used as a latrine.

Poorly designed or constructed wells can act as conduits for deep
injection of contaminants into an aquifer. An example of this is a well that
is gravel packed to 1land surface. If upper levels of an aquifer are
contaminated and have a hydraulic head greater than that of lower levels,
water will move from the upper to lower layers in the aquifer. Contaminated
ground water in the upper layer can flow down through the gravel pack between
the casing and the hole wall and mix with water in the well and in the
aquifer. This can occur even if the well is not pumped and can continue as
long as the well casing and gravel pack remain. Other than water—-sample
collection and analysis periodically done by the New Mexico Environmental
Improvement Division for wells serving community water systems, no ground-
water—quality monitoring is taking place (1985).

SUMMARY

Because of concerns by the Bernalillo County Commission and New Mexico
State Engineer Office about effects of future development on ground-water
supplies in the area, the U.S. Geological Survey conducted a cooperative
investigation of the ground-water availability and quality in the eastern one-
third of Bernalillo County and vicinity, central New Mexico. The study area
includes the Sandia and Manzano Mountains, which trend north and consist of
tilted fault blocks that have a rugged western face and a gentle eastern
slope. The mountain cores are composed of Precambrian igneous and metamorphic
rock. The eastern slopes primarily are mantled by carbonate rocks of
Pennsylvanian and Permian age. A sequence of Permian to Upper Cretaceous
clastic rocks crops out near and in the Tijeras basin near the center of the
study area.

Recharge to the system is entirely due to precipitation, which increases
with increasing altitude and averages 23 inches per year at the top of the
Sandia Mountains. Ground water moves away from the wvicinity of mountain
crests to the west and east. Water flowing westward generally is not
accessible for development. Eastward-flowing ground water apparently moves
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downward into faults in Madera Group carbonates of Pennsylvanian and Permian
age that cover upper slopes. In the northern part of the study area, ground
water then flows into clastic units in the north-central part of the study
area. In the northern one-half of the study area, water discharges to the
north and east. Ground water in the Tijeras Arroyo drainage area moves toward
the arroyo and westward out of the study area. In the southern one-half of
the study area, ground water generally flows eastward out of the area.

An apparent direct correlation between changes in precipitation and
ground-water levels was measured in one well in the Sandia Park area. The lag
time between a change in annual precipitation and a change in ground-water
levels is about 2% years. It is not known if this apparent correlation exists
throughout the area.

The study area can be divided into three regions on the basis of
prevalent types of water—yielding rocks characterized by: (1) fractured,
consolidated, clastic rocks; (2) fractured Precambrian igneous and metamorphic
rocks partly covered by colluvium and alluvium; and (3) fractured carbonate
rocks. In areas where clastic rocks crop out, principal water—yielding units
are the Triassic Chinle and Santa Rosa Formations, which yield approximately
15 gallons per minute to wells. These are the most extensively developed
water-yielding units in the study area. Fractured Precambrian rocks yield
approximately 15 gallons per minute to wells. Alluvium in Tijeras Canyon that
overlies Precambrian rock generally yields 9 gallons per minute to wells.

The most extensive water-yielding material is carbonate rock of the
Pennsylvanian and Permian Madera Group. Water yields of wells completed in
the Madera Group range from zero to 1,470 gallons per minute over the study
area. In the Edgewood embayment, water yields from wells completed in
carbonate rocks of the Madera Group average approximately 24 gallons per
minute. Approximately 25 percent of wells completed in the Madera Group are
completed in sandstone units that yield approximately 6 gallons per minute.
Apparently, wells in the Barton trough area are completed in shale and yield
an average of approximately only 4 gallons per minute. Many dry holes have
been drilled in carbonates. In areas where clastic rocks crop out, ground-
water yields are large (40-150 gallons per minute) for wells located along a
fault. 1In areas where Precambrian rocks and alluvium crop out, no relation
between faults and well yields was found. In areas where primarily carbonates
(such as limestone) crop out, fractures do not appear significantly to enhance
well yields. Previous researchers in other areas have demonstrated a direct
relation between faults and well yields in limestone.

Throughout most of the area, ground-water levels have not declined since
the late 1950's or early 1960's. In fact, ground-water levels have risen as
much as 15.2 feet in wells completed in carbonate rock although localized
drawdowns have occurred. Ground-water levels have declined as much as 153.7
feet in isolated wells completed in shale in the Barton trough area. Declines
in ground-water levels appear to have occurred primarily in wells completed in
shale units. Shale tends to impede ground-water flow and to lessen rates of
recharge to wells.
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Short-term ground-water-level declines of as much as 117 feet in 4 months
were measured in wells, Water shortages occurred at times of maximum
declines, but recovery of ground-water levels occurred within 7 to 9 months.
Ground-water-level fluctuations of this type could be at least partly a result
of lower precipitation rates in previous years. Currently, precipitation is
measured in the study area only at Sandia Park. More precipitation stations
would allow more detailed determination of precipitation patterns throughout
the study area.

Water quality varies significantly in small areas. In an area of less
than 1 square mile near Cedar Crest, specific conductance varies from 450 to
1,020 microsiemens per centimeter and pH varies from 7.0 to 9.2.

Nitrate concentrations exceeding the U.S. Environmental Protection Agency
drinking-water standard of 10 milligrams per liter were measured in a few
wells in the Tijeras Canyon area and in one well in the community of
Chilili. The largest nitrate concentration, 30 milligrams per liter, was
present in water from a well on the north side of Tijeras Arroyo in Tijeras
Canyon. The arroyo appears to form a boundary between ground water containing
large nitrate concentrations to the north and small nitrate concentrations to
the south. A nitrate concentration of 16 milligrams per liter was measured in
water from the new (1984) Chilili community well. Nitrate concentrations
increased from 1.6 to 7.8 milligrams per liter between 1962 and 1984 in a well
in the Sandia Park area, an area that has undergone considerable development.

Fluoride concentrations in a few samples of ground water in the study
area also exceeded the primary drinking-water maximum contaminant 1level
(4 milligrams per liter). However, ground water in the study area generally
is acceptable for human consumption.

A variety of factors contribute to the potential for ground-water-quality
degradation. The majority of the study area is composed of fractured
carbonate and Precambrian rock that does not store large amounts of water.
Ground-water flow is relatively rapid, and the system quickly responds to
changes in recharge and discharge. This effect 1is intensified by the
relatively short distances between recharge and discharge areas. Contaminants
mixed with ground water also will move into and through the system rapidly.
Wells commonly are located on or near faults, especially in areas where
carbonate rock crops out. Because most households have septic systems, some
septic systems may also be located near faults. Faults in the rocks increase
vertical permeability and increase the 1likelihood that contaminants will
rapidly move deep into the system. Most contaminants are introduced into the
system at or near land surface and to some extent are filtered by contact with
soils. The thinness of soil zones, typically 1 to 10 feet thick, increases
the potential for introduction of contamination into the ground-water
system. Landfills have been operated in the area and no records were kept
detailing the types or amounts of materials they contain. Contaminants from
waste dumps can be dissolved in ground water moving through buried waste
materials and eventually may contaminate ground-water supplies. Poorly
designed, poorly constructed, or abandoned wells can act as conduits for the
downward migration of contaminants.
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